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Project Timeline and Purpose
This report documents two years of work conducted by UNH Extension/
NH Sea Grant staff and UNH student interns from January 2021 –
December 2022 with funding from the US Fish and Wildlife Service.
Working in collaboration with a similar project in Maine, the project
created and tested a new monitoring and management process for
Perennial Pepperweed (PP, or Lepidium latifolium) in NH. An Interim
Report from Year 1 of the project was also produced in fall, 2021.
The project’s long term goal is eradication of PP in NH and Maine within
five (5) years. Another goal was to establish a method for surveillance and
mapping PP in New Hampshire using readily available tools which would
result in transparent data easily shared among partners and the public.
The invasive species database used by the state of New Hampshire
is EDDMapS.org. However, prior to 2021, established populations of
PP in NH were maintained in several locations, including the US Fish
& Wildlife Service office in Parker River (MA) and the Deptartment of
Environmental Services Coastal Program, and only sporadically recorded
through EDDMapS. A key advance of this project was to update EDDMapS
to include all historical records of PP control (previously maintained
by Kevin Lucey with the NH Dept. of Environmental Services Coastal
Program) and all monitoring and management records produced during
the 2021 and 2022 field seasons.

Nature Groupie Summer
Interns
Sydney Gendreau - 2021
Julia Matthews - 2021
Olivia Pitta - 2021
Malian Jennings - 2022
Dan Persico - 2022
Emily Wood - 2022

Resources Created
• Perennial Papperweed
Partnership Webpage
• Perennial Pepperweed in New
Hampshire and Maine ID Card
• Video: Identifying Perennial
Pepperweed
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Prior to this project, PP had been found in seven
(7) sites in NH and is considered an Early Detection,
Rapid Response (EDRR) plant in the state. Two of the
seven sites were located on Interstate highways and
have been eradicated through herbicide treatment
by the State of NH before the start of the project
(see locations below). The remaining five PP sites
are located in coastal marshes, and all were wellestablished by 2021 despite past efforts of annual
pulling and occasional herbicide treatments (see
Table 2 for list of existing sites).

Eradicated PP Sites in NH
1. Franconia Notch State Park, along I-93 (Franconia,
NH) – identified in 2011, verified and treated
with herbicide in 2018 by NH Invasive Species
Coordinator Douglas Cygan. Positive records
recorded in EDDMapS. Re-checked in 2021 and site
found to be clear of PP.
2. I-95/Walnut Avenue Intersection (North Hampton,
NH) – identified in 2013, treated with herbicide in
2015. Positive and treatment records recorded in
EDDMapS.

Pepperweed managment through hand-pulling

As a result of these eradication efforts by the state, the
current project focuses on PP in coastal marsh sites
which have been more persistent, larger, and are less
visible and harder to monitor than highway corridors.

Protocol Development for NH
In order to create a replicable, consistent protocol
that could be used by staff, interns or volunteers
searching for or managing PP in the future, UNH
Extension staff incorporated established surveillance
techniques from Mass Audubon, data requirements
of USFWS partners, capabilities of EDDMapS mobile
tools, and safety considerations for interns into a new
monitoring and reporting protocol for PP in NH. Key
features of the protocol, which was tested in 2021 and
refined in 2022, include:
•

All surveys are to be conducted on public roads,
rights-of-way, and marshes below mean high
tide, which is considered public in NH (Purdie v.
Attorney General,732 A.2d 442, 446 (N.H. 1999).

•

Create point data for observed (“positive”) or
managed (“treated”) PP populations

•

Create polygon data for all surveyed areas (with
or without positive points within them)

•

All observations include a photo as reference

•

Information about search methods included in
notes (walking, binoculars, boat, etc.)

•

Information about the total # of plants found or
pulled included in the notes.

•

All data reviewed and confirmed for accuracy
on EDDMapS and resulting data is viewable and
downloadable by the public through EDDMapS.
org

Data was recorded using both paper records
and digital (EDDMapS) reports, all of which were
submitted to UNH Extension at the end of each
season. See Appendix for a copy of the final protocols
for both point data (positive or treated PP sites) and
polygon data (areas of marsh surveyed and checked
for PP).
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Intern Recruitment and Training

Field Surveys: Monitoring Results

While the original proposal included funding for
two (2) interns for each field season, UNH Extension
was able to provide additional funding to increase
the intern team to three (3) interns in both 2021 and
2022 field seasons. All recruitment, interviewing and
hiring was conducted as part of the UNH Extension
Summer Intern Program, which draws students
from across UNH. Interns received training in
basic field skills, personal safety, stewardship tool
use, trail maintenance techniques, invasive plant
management and plant identification. Coordinating
with the Maine PP team, all interns also received field
training in coastal ecology, pepperweed identification
and management, and practice using each states’
protocol. NH interns also gained experience and
training in basic GIS mapping to display EDDMapS
data. Interns participated in PP workshops offered
both summers (online in 2021, in-person in 2022),
and all project interns (NH and ME) traveled
to Massachusetts to work with USFWS staff on
pepperweed mapping and control at the Parker River
National Wildlife Refuge to prepare them for their own
fieldwork in late June and July.

Interns spent 3-4 weeks surveying NH coastal marsh
habitats for the presence of PP. Interns were provided
with paper maps showing the NH marsh polygon
data from the NOAA Digital Coast website (Figure
1), overlaid on aerial photos of the coastal region. In
2021, surveying started at the MA border and interns
were able to choose any marsh habitats that they
could easily reach. Late in the season, interns also
experimented with surveying by boat in Great Bay, in
cooperation with the Conservation Law Foundation’s
Great Bay Waterkeeper. In 2022, interns focused on
surveying any marsh areas not surveyed in 2021.
Both years, survey work focused on the upland
edge of high marsh habitats. Note that a significant
monitoring gap exists in a 1-kilometer circle
surrounding the Seabrook Nuclear Power Plant where
marsh access is restricted. Despite repeated efforts to
gain access, we did not receive permission to survey
in this restricted zone either year. See Figures 2-4 for
maps of EDDMapS data from 2021-2022 field work.

Figure 1 - Coastal marsh habitat in NH (NOAA Digital Coast website)
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All data collected by interns was reviewed by
Extension staff for accuracy and consistency and
categorized as public in EDDMapS; all data was
also submitted directly to the USFWS at Parker
River NWR for inclusion in their ArcGIS Pepperweed
Management Tracking system. Available EDDMapS
download options include .CSV(spreadsheet), .KML
(Google Earth format), or Shapefile (GIS format).

The pepperweed team compares pepperweed to marsh elder

Table 1: NH PP Sites Surveyed, Managed & Discovered (2021 - 2022)
Year

# of polygons
# of sites managed
surveyed/searched
JULY

# of NEW PP sites
discovered

# of sites managed in
SEPT

2021

29

5

0

4

2022

23

10

5

4

Figure 2: North Coast
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Figure 3:
Mid- Coast

Figure 4:
South Coast
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PP Management Results: Interns, Volunteer Workdays & Treatment Data
Volunteer workdays were essential to successfully managing PP in New Hampshire. Community workdays
were advertised through NatureGroupie, and interns worked alongside volunteers during workdays both years.
Volunteer workdays included hands-on identification of PP, question and answer with interns, project staff and/
or partners, and active management (hand-pulling) at each site. Workdays included:
•

Seabrook Lower Collins Workday (7/13/21) – 9 volunteers

•

Hampton Tide Mill Road Workday (7/14/21) – 9 volunteers

•

Seabrook Lower Collins Workday (7/7/22) – 6 volunteers

•

Hampton Tide Mill & Rt. 101 Workday (7/8/22) – 7 volunteers

Management of the largest site in 2022 (Landing Road Marsh) required the deployment of extra helpers since this
site was discovered after the planned volunteer workdays had taken place. Special thanks to NH Coastal Program
staff and UNH Extension colleagues Emma Tutein and Jen Adie for helping pull on our last day in the field.

Table 2: Hand-pulling/management of PP in NH 2021-2022
Report Map
Location
(Fig. 2-4)

Treatment
July 2021
# of plants
pulled

Treatment
Sept. 2021
# of plants
pulled

Treatment
July 2022
# of plants
pulled

Treatment
Sept. 2022
# of plants
pulled

Existing Coastal PP Sites (Pre-2021)
New Castle: River Road

North Coast

6

7

53

6

Rye: Odiorne Point State Park

North Coast

16

12

61

0

Hampton: Tide Mill Road

Mid-Coast

(5 bags)

100

1,761

164

Hampton: Rt. 101

Mid-Coast

5

0

15

0

South Coast

(6 bags)

50

1,150

0

Seabrook: Lower Collins Road

New PP Sites Discovered in 2022
Hampton: Landing Roadside

Mid-Coast

9

0

Hampton: Landing Road Marsh

Mid-Coast

9,402

23

Hampton Beach: Brown Avenue

Mid-Coast

397

9

Hampton Beach: Hobson Avenue

Mid-Coast

382

0

South Coast

10

0

13,240

203

Seabrook: Ol’ Adams Camp

Total Plants Pulled / Treated

(11+ bags)

169

All data above is included in EDDMapS.com under “treatment notes” for positive and treated points. The protocol changed from
recording # of bags pulled (beginning of 2021) to # of plants pulled (late 2021 - 2022). “0” indicates site searched but no plants found.
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which were either more difficult to access or
in more urbanizing areas. Furthermore, due to
challenging survey conditions, interns in 2022
were accompanied by UNH Extension staff
which added another set of experienced eyes to
the search.

Other notes on PP treatment &
management
•

The 2022 field season uncovered the largest
known PP site yet discovered in NH. This site lies
hidden from view by private property on Landing
Road and has likely existed for some years
(personal communication with Kevin Lucey, NH
Dept of Environmental Services). This suggests
that there may still be yet-undiscovered locations
of PP that are in hard-to-reach marsh sites.

Adding historical data to EDDMapS

•

40-50% of PP sites showed re-growth of plants
during additional monitoring visits in September,
though usually at significantly diminished
numbers of flowering plants.

•

During 2021, interns searched the most accessible
portions of salt marsh, working independently
and did not identify any new PP sites during their
monitoring. 2022 intern monitoring doubled
of the number of known coastal PP sites in NH
(from 5 to 10). In this second year, interns were
assigned remaining marshes not surveyed in 2021,

After successfully entering 2021 monitoring and
management records into EDDMapS, Kevin Lucey
of the NH Department of Environmental Services
Coastal Program suggested that we also create PP
records on EDDMapS from data he had kept of PP
management from 2006 through 2013. He provided
records (including photo points and a spreadsheet
of management information) from management
of the five (5) existing coastal PP sites. We hired
one of our summer interns, Dan Persico, to work
throughout the fall to enter all information into
EDDMapS. A summary of these added historical
records is provided below:

Table 3: Historical Perennial Pepperweed Records from Coastal NH Sites
# of records for historical PP sites in coastal NH - entered into EDDMapS, fall 2022:
Site Name

Date of Earliest Record

# of subsequent revisits through
2022

New Castle: River Road

7/2/2013

7

Rye: Odiorne Point State Park

7/18/2006

11

Hampton: Tide Mill Road

7/17/2008

15

Hampton: Route 101

6/18/2010

8

Seabrook: Lower Collins Road

7/11/2011

11

Many partners came together to help manage pepperweed in NH including
UNH, US Fish & Wildlife Service, and partners from Maine
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Use of EDDMapS: Lessons Learned
The experience of using EDDMapS for tracking
monitoring and management of an EDRR species
provided many learning opportunities and creative
use of the platform and app to suit our project’s data
needs. We share below some of our EDDMapS-related
lessons learned to assist others who may be planning
to use the software for intensive management
projects.
1. The EDDMapS platform was a sufficient tool for
tracking monitoring and management data and
providing a publicly available repository for all
information. Multiple photos uploaded easily,
the data was retrievable in multiple formats, and
data fields were flexible enough to accommodate
necessary information. Some limitations were
identified by interns such as:
•

The fields available for data entry in the mobile
app were limited, so some data (such as
phenology, search method, more habitat options)
needed to be entered as text in the notes section
in the field, and then the records edited on a
desktop version later.

•

Polygons (used for areas searched) were not
available for viewing on the mobile app after they
had been created, making it difficult to see all the

surveyed polygons in one place. The easiest way
to track surveyed marsh polygons was to keep
track on large paper maps, then enter the marsh
shapes into EDDMapS as polygons using the
paper maps as guides.
2. EDDMapS includes two versions of mobile
apps - EDDMapS and EDDMapS Pro. Our team
experimented with each version and determined
EDDMapS Pro had useful additional features. Use
of the Pro version is essential for viewing and
adding to existing EDDMapS data in the field. Both
are free through Apple or Google app stores.
3. Use of the “Revisit” feature is critical for ensuring
all data associated with a single point gets
“stacked” together in EDDMapS. To ensure this
is possible during field-based data entry, users
must create a Query of relevant EDDMapS data
points on the desktop (called a “Custom Dataset”)
which must be saved. Using the same account
on the EDDMapS Pro mobile app, users can
select “Custom Data Sets” from the main menu.
From there, users can see their custom saved
queries, and turn them on and off. All points in
the activated querie(s) are then viewable on the
mobile app, and can be selected in the field as
“Revisits” each time a site is visited and new data

The new Landing Road Marsh site was so extensive that we put out a call to UNH Extension
employees to come out and help pull. Thank you Emma Tutein and Jen Adie!
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UNH intern Sydney Gendreau surveys Hampston Marsh for pepperweed in 2021

Outreach & Communication
Given the limited spread of PP in New Hampshire,
the UNH Extension team proposed and implemented
several methods to expand the pool of professionals
and volunteers who might recognize PP in the field.
The project team planned a workshop in advance
of the PP field season each of the two years of
the project, aimed at coastal partners, staff, and
volunteers from ME and NH. Each workshop was
promoted through UNH Extension channels and the
NatureGroupie website. Participants learned about
why PP is a problem in New England, its ecology and
habitat requirements, the history of spread in MA,
NH and ME, and about the Perennial Pepperweed
Partnership (see Appendix for workshop slides used in
online workshop in 2021). Outreach materials for PP
identification were also created for this project and
are available for use and distribution online at UNH
Extension. Finally, interns and project staff produced a
series of social media posts during their PP field work,
which were distributed through Nature Groupie and
UNH Extension Forestry & Wildlife channels.

Outreach Materials Available Online:
•

Webpage for PP Partnership (includes ME and NH
reporting information

•

PP Field Identification Card

•

Identification Video for PP

Example of social media posts
An example of social media posts used in a public
outreach campaign through Nature Groupie to
highlight and raising awareness about the Perennial
Pepperweed Project and the threat of this invasive
plant in NH and ME:

Outreach Workshops by UNH Extension:
•

Online Workshop 6/9/21 - 30 participants

•

Odiorne Field Trip: 6/27/22 - 12 participants

Perennial Pepperweed Partnership | Page 9

Other Lessons Learned
Focus monitoring near existing sites: Initial
searches for PP were conducted as a systematic
south to north process. Based on intern feedback,
during 2022 survey work focused efforts on areas
surrounding existing PP siotes. This new search
process may have contributed to the discovery of new
PP sites in 2022.
Provide equipment for coastal field work: interns
found working in coastal marshes challenging and
benefitted from head nets, rubber boots, a compass,
bug spray, and leadership and guidance by those with
experience working in coastal marsh habitats.
Record access and parking locations: Since PP
management and monitoring takes place during the
height of summer beach crowding, interns relied on
experienced coastal scientists to identify free parking
and accessible entrance points to marshes. These
were recorded in EDDMapS records to ease future
monitoring.

effective, along with occassional monitoring from
the shore at accessible locations such as the Great
Bay National Wildlife Refuge, Adams Point, Great Bay
Discover Center and the Portsmouth Country Club
(with permission).
Paper maps remain critical: Despite advances in
EDDMapS digital wayfinding and programs such as
Google maps, technology glitches with the EDDMaps
Pro app and sun glare on screens led to frustration
with technology in the field. Instead, our teams found
the use of large-scale paper maps showing coastal
marsh units, roads, and previous PP search polygons
and points to be valuable in conducting ongoing PP
monitoring. We used paper maps to mark access
points, parking locations, and routes walked in the
field, which were then translated into EDDMapS in the
car or the office at day’s end.

Prioritize student engagement: Working with
college student interns for EDRR monitoring was
feasible but worked best when monitoring was mixed
intermittently with visiting and treating existing PP
sites. This helped solidify plant identification and
kept the focus on the imminent threat of spread
of PP. During 2021, interns received training in PP
identification and management, and then performed
monitoring work independently. Based on their
feedback at the end of the field season, in 2022
we increased the level of staff involvement and
supervision of interns (all field sessions included an
Extension or Sea Grant staff person), which resulted in
a more positive and engaged student experience.
Monitoring Great Bay for PP will require mixed
methods: Few access points, strong tides and shallow
water in Great Bay make searching for PP from the
shore or water challenging. Seaching by motorboat
proved ineffective in 2021 as we couldn’t get close
enough to shore to identify plants and tides limited
the search window to 1.5 hours. Use of a standup
paddle board combined with a boat might be more
The University of New Hampshire Cooperative Extension is an equal
opportunity educator and employer. UNH, U.S. Dept. of Agriculture,
and New Hampshire counties cooperating.

UNH intern Dan Persico
This project was funded through a grant from the US Fish & Wildlife
Service.
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Appendix
• Workshop Slides
• Protocol for Point PP Data
• Protocol for Polygon PP Data

Workshop Slides: Perennial Pepperweed in New England June, 2021

Why should we care about perennial pepperweed?

Perennial Pepperweed in New England
…a problem, a plant, a new partnership

Distribution of perennial pepperweed
Lapidium latifolium
EDDMapS.org

1

2

Great Marsh
Treatment 2019
•16 years

Perennial Pepperweed Management in
Massachusetts

•30,000 acres have been mapped for
pepperweed.
•22,000 acres have been found clear of the
plant.
•8,000 acres are infested with pepperweed or
under imminent threat from it.
•~3,000 sites; 98% treated or found clear in
2019!

3

4

Photo: USFWS

5

6

1

9/9/21

Stop the Spread
•

Share ID and control techniques

•

Help to develop community-based programs in Early
Detection areas

•

Data repository

•

Contain spread

Perennial Pepperweed & it’s Habitat

7

8

Perennial pepperweed
Lepidium latifolium

Ecology
•

Stems are woody at the base, form a

•

Perennial!

•
•
•

Alternate leaves
Small white flowers, 4 petals
Blooms mid-June to early July

•
•

dense thicket
Roots systems can be extensive
Store large amounts of energy as

•
•

Small round/flattened fruits
Reproduces by seed or vegetatively

•

carbohydrates for future growth
Can alter soil properties - salt pump

•

Outcompetes native species

•

Wetlands, grasslands, roadsides
Leslie J. Mehrhoff, University of Connecticut, Bugwood.org

Steve Dewey, Utah State University, Bugwood.org
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John M. Randall, The Nature Conservancy, Bugwood.org
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Impacts
•

Forms monocultures

•
•

Reduces habitat quality
Threatens ecological integrity
of salt marshes

•

It’s in NH and ME, but in low
densities

•

Early detection and rapid
response are key!

Past Management Efforts in NH & ME

Odiorne

Hampton

Hampton

Seabrook

Newcastle

North Hampton

Cobble Dune
2006

W W TF
2008

Route 101
2009

Lower Collins Rd
2012

River Road
2013

I-95
2013

PEPPERW EED HABITATS IN NH
Cobble Beach (1)

Leslie J. Mehrhoff, University of Connecticut, Bugwood.org
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VECTORS OF DISTRIBUTION
Tidal Flow

Spartina Patens M arsh (2)

Passenger Cars

M arsh Elder (1)

Construction Vehicles

Roadside (2)

Dum ping /Gathering

12

2

9/9/21

Past Management of Perennial
Pepperweed in Maine

on Gerrish Island

Impacts
•

Forms monocultures

•
•

Reduces habitat quality
Threatens ecological integrity
of salt marshes

•

It’s in NH and ME, but in low
densities

•

Early detection and rapid
response are key!

What’s Happening Now?

4 Known Areas in Maine

Crescent Surf in Kennebunk

Gerrish Island in Kittery Pt
I-95 in Biddeford
Augusta
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Leslie J. Mehrhoff, University of Connecticut, Bugwood.org
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New Hampshire Pepperweed Team: 2021

About the Perennial
Pepperweed Partnership
• 2 years, funded by USFWS
• Expand surveillance & management
in NH & ME
• Goal of eradication
• 2021: interns

Olivia Pitta

Sydney Gendreau

Julia Matthews

UNH Extension / NH Sea Grant Team

• 2022: public outreach & volunteer
engagement
Haley Andreozzi
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Malin Clyde

Wells Costello

Alyson Eberhardt Charlotte Thompson
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iMapInvasives:

Central repository for invasive plant data in Maine

www.imapinvasives.org

17

18

3

9/9/21

Maine survey effort 2021 – Conserved Lands

Maine survey 2021 - Known occurrence approach

19

20

EDRR: Stiltgrass (aka Japanese stiltgrass)

How to get involved

21

24

Field Trip Opportunities
• Tues. July 13 (9-10:30) Seabrook, NH
• We. July 14 (9-10:30) Hampton, NH
Use the Link in the Chat to Sign up Now!

Think you’ve found it?
-

NH: report in EDDMapS.org
ME: report in iMapInvasives

Questions?
-

NH: Malin Clyde, UNH Extension
ME: Nancy Olmstead, Maine Natural Areas Program

25
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Perennial Pepperweed (Lepidium latifolium) Presence Record [Point Data]
Date:

Town:

Observer(s):
Time in
EDDMaps

ID

Photo
(✓)

(HH:MM)

Latitude/Longitude

Accuracy (m)

(decimal degrees)

Time Spent in
Minutes
(Circle one)

Density
(See diagram below;
Circle one)

5

10

15

30

45

60

<5%

5-25%

50-75%

Edge: Roadside

Habitat
(Circle one; if Other,
provide more information
below)

Other

25-50% Area
>75%

Status

Acres

(Write value and circle
unit)

Positive

(Circle one)

Square feet
Negative

Notes
Survey Method
(Circle one)

Walked

Binoculars

Boat

Site Access
(Parking, crossroads,
hazards, etc.)

Habitat
(Circle one if Other
was selected above)

Phenology
(Circle all that apply)

Salt Marsh

Leaves

Edge: Upland/wetland

Flowers

Other Notes

Search Area/Polygon ID where this point is located: ______

Fruits

Seeds

Dune

Dead

Perennial Pepperweed (Lepidium latifolium) Search Areas [Polygon Data]
Date:

Town:

Observer(s):
Time in
EDDMaps

ID

Photo
(✓)

(HH:MM)

Latitude/Longitude

Accuracy (m)

(decimal degrees)

Time Spent in
Minutes
(Circle one)

Density
(See diagram below;
Circle one)

5

10

15

30

45

60

<5%

5-25%

50-75%

Edge: Roadside

Habitat
(Circle one; if Other,
provide more information
below)

Other

25-50% Area
>75%

Status

Acres

(Write value and circle
unit)

Positive

(Circle one)

Square feet
Negative

Notes
Survey Method
(Circle one)

Walked

Binoculars

Boat

Site Access
(Parking, crossroads,
hazards, etc.)

Habitat
(Circle one if Other
was selected above)

Salt Marsh

Edge: Upland/wetland

Other Notes

Number of Points recorded within this search area: ______
List Point IDs below:

Dune

